In this paper, a new approach for contingency determination in a portfolio of construction projects is proposed. The model proposed helps an agency find the level of confidence needed for individual projects to ensure that the portfolio budget will meet the minimum level of confidence based on available funding and the agency's policy goals. The promise of this model is to protect a portfolio of projects against cost overrun by adjusting their original budgets. A Bayesian approach is employed to update the model on regular intervals. As more information becomes available in the future, the required adjustment in portfolio budget will be reduced, because the accuracy of estimating the contingency is improved. The proposed model is an effective tool for the agencies/owners to develop contingency budgets.
Introduction
Large transportation capital projects all around the globe have been experiencing cost and schedule overruns. Nearly 50% of the large active transportation projects in the United States overran their initial budgets (Sinnette 2004 ). To overcome the cost overrun issue, identifying cost escalation factors have been the subject of much research (Shane et al 2009; Flyvbjerg et al 2003; Pickrell 1990 ). For instance, Shane et al (2009) identified 14 risk factors classified in two categories: 1. Internal Sources such as bias, poor estimating, and contract document conflicts; 2. External Sources such as effects of inflation, market conditions, and unforeseen events/ conditions. Contingency is a reserve budget for coping with risks and uncertainties and to help keep the projects on budget. An owner agency usually adds contingency to the estimated project cost to account for the uncertainties. Risks and uncertainties associated with a project are impediments to reach an accurate cost estimate. Contingency is traditionally estimated as a predetermined percentage of project base cost depending on the project phase. In recent years, some agencies have started conducting formal probabilistic risk assessment to estimate contingency budget rather than deterministic approach (Touran 2010; Molenaar 2005) . However, to establish the contingency budget, an agency must make all effort to set aside a budget which is optimized. This becomes more important when an agency is dealing with a portfolio of projects. Allocation of an excess budget for a project will use up the money that can be spent on other projects. For instance the current practice in the U.S. to estimate the contingency budget in transit projects called Top-down Model is based upon a probabilistic method using lognormal distributions for different cost categories in the project. Research shows the way that cost categories are ranged is very conservative resulting in a contingency budget far larger than what is indeed needed (Bakhshi and Touran 2009 ). Nevertheless, despite all claims regarding improved models, budget estimating for transit projects have been inaccurate for several decades (Flyvbjerg 2006) . Also, for large capital programs consisting of several projects, establishing contingency has not been well studied.
Proposed Model for Calculating Contingency
This model is a continuation and major improvement on an earlier model developed by Touran (2010) for calculating contingency for a portfolio of projects. The new model uses a Bayesian approach for updating the calculations based on new data that becomes available. The application of the model is shown on a group of transit projects. Even though the application of this model in this paper is on transit projects, it is a mathematically flexible model that can be applied on any type of construction project. In the model proposed here, the portfolio consists of projects with different owners who have requested funding from the same source. For example, in the case of transit in the United States, these are projects submitted by state agencies for obtaining federal funding. For each of these projects, it is assumed that a formal risk assessment has been conducted based on the specific risks affecting each project as required by the regulations. The objective of the model presented here is then to adjust the overall portfolio budget based on the historical data on budget shortfalls. In other words, it is assumed that a detailed risk assessment has been conducted at the individual project level and that the requested funding reflects that.
The model assumes normal distribution for the cost overruns/ underruns and truncated normal distribution for the cost of each project in the portfolio. These assumptions are based on the following factors: first, the cost overrun/underrun distribution will be used as a prior distribution in the Bayesian approach. As more information becomes available, the distribution becomes more refined and converges to the true distribution regardless of the initial assumption about prior, and second, the use of normal distribution allows the derivation of closed form solution for the calculation of contingency based on desired confidence levels. Furthermore, tests of goodness of fit showed that assumption of normality was adequate for the project cost data that was available.
To form truncated normal distribution of cost for each project, it is assumed that the probability of experiencing underrun m is α as the discrete portion of distribution. The parameter m is added because project owners have the tendency to spend most of the budget by enhancing and embellishing of the projects when they realize their projects will be completed under the budget. This parameter equips the model to consider the fact that the project may be completed under the initial budget by a certain percent. m is an arbitrary number based upon agency's objectives and α can be determined by reviewing the historical cost overruns/underruns. An agency may decide to input m equal to zero and find the α corresponding to that. The mean μ′ and standard deviation σ ′ of truncated normal can be calculated using the following equations: 
Also, we know i μ′ is the expected value of the final cost of project i , so we can model it as a multiplier of its budget:
and knowing that
By rearranging Eq. (5), mean of the underlying normal distribution is calculated. Also, by substituting Eq. (7) and (9) in Eq. (3) and rearranging, the standard deviation of underlying distribution is found: ) ( . ). 1 (
Using Eq. (13), (14) and substituting i μ using Eq. (9), the new portfolio budget can be computed as follows: 
Eq. (16) gives the required portfolio budget increase with respect to η . We now assume that project costs are statistically independent and the total actual cost of all projects in the portfolio is T . The assumption of independence is reasonable because these projects are scattered throughout the country and the owners and management structure are different, as these are various state agencies using the federal funds. However, it should be noted that pairwise correlation between costs of any two concurrent projects may exist when there is a belief that they are using common resources, common management, or being affected by other common factors such as statutory/ regulatory constraints, political conditions, or unemployment. Based on Central Limit Theorem, T will follow an approximate normal distribution with the mean T μ and the standard deviation T σ . Therefore:
Defining γ as the percent of confidence that portfolio of projects cost will not be more than * B , we have:
Rearranging Eq. (20) and using Eq. (23) are used to calculate the require percent increase in portfolio budget and probability of overrun for each individual project in the portfolio based on probability of having sufficient budget for the portfolio of projects. In the next section we will see how these values are updated when new completed projects become available.
Fundamentals of Bayesian Approach
An agency employing the proposed model is expecting to experience less or even no cost overrun in the newly funded projects. Since the model has been constructed based on limited observed data, it is conceivable that the overrun will not be eliminated in the first attempt. Therefore the model needs to be updated on a yearly or bi-yearly basis, depending on the number of completed projects. To this end, a Bayesian approach is utilized to update the model as the information regarding the costs of new projects become available. When the observed data are limited and making decision on the available information is required, the Bayesian approach can help update the system as more data is acquired. The fundamentals are based on Eq. (24) (Ang and Tang 2006):
where: 
The posterior distribution is now the product of likelihood ) (δ L and prior ) (δ f ′
. If the prior is a normal PDF such as
, then the posterior has also a normal PDF with the mean and standard deviation as follows (Ang and Tang 2006): 
Numerical Example

Main Model
To show the application of the model, a set of 28 transit projects (Booz Allen Hamilton 2005) is selected (Table 1) To verify the assumption of normality, a test of goodness of fit using @Risk (Palisade Corp. 2008) software is conducted on 22 cost overruns/ underruns of Historical Dataset. The test using the Chi-squared statistic passed at 1% level of significance (P-value= 0.0219). Fig. 2 depicts the superposition of the normal distribution on the original data histogram. (4) and (11) This is done for γ between 5% and 95% and the result is depicted in Fig. 3 . Fig. 4 . In order to make sure that the results are accurate, we simulated the model to find increasing factor which is superimposed on the analytical curve found using the analytical approach. These two curves are very similar. For example, one can see in Fig. 3 that if the FTA wants to have 85% confidence that allocated budget for the portfolio of projects will not fall short, it needs to consider a minimum level of confidence of 68.78% ≅ 69% in each individual project risk assessment. Also, Fig. 4 illustrates that the FTA needs to increase the portfolio budget by 16.52% in order to have 85% level of confidence that the budget for the portfolio is sufficient. This finding is significant because the proposed methodology provides a method for calculating the percent increase over existing portfolio budget levels to achieve a certain confidence level in individual projects.
In Table 2 , a comparison is made between the actual cost overrun/underrun of projects in the First Dataset and cost overrun/underrun if the budget had been adjusted with the estimated increasing factors. Even though the required budget increase in the portfolio can be distributed differently between the projects, we assume all will be increased proportionally by multiplying the required increase factor ( = B B * 1.1652) by the cost at the FFGA to reach Adjusted Cost at the FFGA.
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Copyright: the authors In the second column (from the left) of Table 2 , the original costs at the FFGA of all five projects in the portfolio (First Dataset) are presented. As it was stated earlier, the proposed model considering the performance of past projects in the Historical Dataset suggests the FTA to increase the total portfolio budget of the First Dataset by 16.52% in order to have 85% confidence that the budget for the portfolio (First Dataset) is sufficient. Then the costs at the FFGA of all projects in the portfolio are adjusted by the increase factor of 1.1652 and are shown in the third column of Table 2 . This column represents the budget of each project if the FTA had used the proposed model. The actual costs of projects are given in the fourth column of Table 2 . The fifth column shows the actual cost overruns/ underruns considering the original budgets at the FFGA and the sixth column gives the cost overruns/ underruns if the FTA had used the model. Table 2 depicts that the model could alleviate cost overrun of some projects in the First Dataset. However, the promise of this model is to protect a portfolio of projects against cost overrun. The last row of Table 2 shows that if the FTA had used the proposed model to allocate budget for five new projects, they could prevent occurring cost overrun of 13.84% with experiencing -2.31% cost underrun. We expect by updating the model and considering the performance of the recently completed projects, we reach more accurate and optimized increasing factor for budgeting of future projects.
Bayesian Updating
In 5 that the posterior curve has become narrower and moved to the left compared to the prior curve. This means when the performance of the recently completed projects came into consideration, the average cost overruns/ underruns ( δ ) from 8.79% in the Historical Dataset (prior) decreased to 1.13% underrun in the posterior curve. Moreover, as an advantage of Bayesian updating, when more data becomes available, the dispersion (standard deviation) of the parameter under consideration diminishes and that the posterior curve becomes narrower. It should be noted that if one integrates the newly completed projects into Historical Dataset and calculates the parameters of the model, this will give an equal weight to all projects. In other words, this approach will not distinguish between a project completed in 1984 and a project completed in 2004. Using Bayesian approach, the performance of recently completed projects (First Dataset) will have more influence on updating the parameters of the model than projects in the Historical Dataset. In summary, this procedure enables the model to suggest the required increase in the portfolio budget of the future projects considering mostly the performance of the most recent projects used for the updating as well as the performance of historical projects.
Conclusion
In this paper, a model is proposed which uses a truncated normal distribution and utilizes historical data to assist the agencies to estimate the required confidence level for risk assessment in the projectlevel in order to get a desired confidence for the sufficiency of portfolio budget. It also calculates the required increase in the portfolio budget based on the desired confidence level. For instance, in the given numerical example, 22 transit projects (Historical Dataset) were used to initialize the model and calculate the primary parameters of the model. Then the model was applied to five transit projects (First Dataset) to estimate the necessary project-level confidence level for risk assessment and the required increase in the portfolio budget while the FTA has 85% confidence that the portfolio budget will not fall short. It was found that using the model, in order to have 85% confidence that the portfolio budget for the First Dataset is sufficient, each individual project in the portfolio should have a contingency such that % 69 = η ; moreover, the FTA needs to increase the
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Copyright: the authorsoriginal portfolio budget by 16.52%. This model considers the recent performance of the newly completed projects and is updated as new project data becomes available employing a Bayesian approach. The example provided here is updated with the actual costs of five projects in the First Dataset. The primary parameters ( α , β and ρ ) of the model are updated and it becomes ready to be used for any upcoming portfolio of projects. This process can be repeated on regular intervals (e.g. every two years) so that the future projects can be budgeted considering the most recent performance of projects. The proposed model can be used by agencies such as the FTA which is funding a port folio of transit projects every year as an effective tool to develop contingency budget.
